This paper compares different modes of competitive and collaborative play for co-located computer supported English vocabulary learning. To do this we have developed a video-game for learning vocabulary than can be played by two players sitting together by either working together and collaborating to improve their score or competing against each other to see who can achieve the best score. We evaluated these different collaborative and competitive game modes by asking ninety-six participants to complete a test before and after playing the games. Our participants were also asked to fill out a questionnaire and take part in a structured interview after playing the game. Results from this evaluation reveal that collaborative play is more effective than competitive play for helping students to achieve learning objectives, but neither type of play is effective as traditional learning using vocabulary leaning cards. Collaborative play was found to give around 56% the improvement of traditional learning with competitive play giving around 7%. Collaborative play is also preferred by most students involved in the study, and the participants in our study considered that either type of game could play an important role to supplement traditional learning in a more relaxed and sociable environment.
Introduction
The past few decades have seen a rapid rise in the popularity of recreational video games. Indeed, it is estimated that at least 90% of American adolescents play video games an average of 2 hours each day and 25% play video games at least 4 hours a day [1] . As the time spent playing video games is often time taken away from other important activities, the overuse of video-games is certainly detrimental to the education and development of many young adults [2] [3] [4] [5] . However, despite the negative aspects of video game overuse, the potential of video games to be used in education is also widely recognised [6] .
There is much valuable research already into how we can make educational video games more effective. This research examines topics such as the use of learning assistants [7, 8] , location based gaming [9, 10] and gameplay elements [11] . This study aims to supplement this research by assessing the effect of different game mechanics for games that students play together in the same physical space. Specifically we are concerned with the effectiveness of foreign language vocabulary learning using games with either competitive or collaborative gameplay.
To achieve the objectives of our study to compare collaborative and cooperative gameplay in educational games we have developed a game for native Chinese speakers learning English vocabulary that can run either by rewarding collaboration, where students work together toward a common objective, or competition, where students work against each other to achieve individual objectives. To assess each mode of gameplay we compare the achievement of learning objectives before and after playing each type of game. We also ask our subjects to fill in a questionnaire and interview them to gauge their attitudes toward each type of game.
Educational Games
Educational games are video-games that can be used for learning. Kinzie et al. define a game as "an immersive, voluntary and enjoyable activity in which a challenging goal is pursued according to agreed-upon rules" [12] . With computer and communication technologies experiencing a rapid development and rise in popularity, it can be predicted that technology will be used more and more games and in learning. It follows that, educational video-games, which enable students to learn in an interactive learning environment, could be an important component of learning environments in the future [13] .
Indeed, educational games have already proven effective in diverse areas such as mathematics [14, 15] , computer science [16] , software engineering [17, 18] , civil engineering [19] , geography [20] , social science [21] , business [22] , language [23] and traditional science subjects [24] . Studies have shown that educational games have great potential to enhance students' learning achievement [25] [26] [27] , learning interest [19, 28] and learning motivation [28] [29] [30] [31] .
Collaborative and competitive gaming are of interest not only as aspects of gaming that can be used to make educational games more appealing to learners, but also as a way to help teach students 'soft' skills and encourage personal and social development. While many of the negative aspects of gaming are rooted in it being an intrinsically antisocial activity where players generally play with limited human contact, co-located collaborative and competitive games [7, 8] avoid these aspects and actually require people to interact in the same physical space. Indeed, there is a good deal of research looking at collaborative games [7, 8, [32] [33] [34] [35] [36] and competitive games [37] [38] [39] , but few studies that explicitly compare the two modes and none that compare the two for vocabulary learning.
Vocabulary Learning
When learning a foreign language, a great deal of time can be spent trying to develop a sufficient vocabulary in that language. This is especially the case when we try to learn a language that is significantly different from our own. If the new language being learnt is closely related to the learners native language then a lot of vocabulary can be carried over from the native language, so vocabulary learning is not such a problem. This is certainly the case with romance languages like Spanish and Italian where many words are similar or virtually the same. For example, the word message in English is mensaje in Spanish and messagio in Italian. This is similarity in vocabulary words is a lot rarer for unrelated languages such as Chinese and English (message is pronounced Xìnx+ in Chinese). This makes learning vocabulary for a language unrelated to your own very difficult and an increasing number of language learners need to do this. In fact, the greatest number of language learners today are the approximately 0.4 billion Chinese learning English [40] . So, learning vocabulary is a big issue.
It is estimated that there are 1.5 billion English language learners around the world [41] . The British Council estimated that 2 billion people will be learning English by 2020. Statistics indicated that more than 0.4 billion English language learners are Chinese by 2014, taking up approximately one third of the total number of Chinese citizens [40] . In fact, China has the largest number of people purchasing digital products to learn English. In China, digital products on English learning had a compound annual growth rate (CAGR) of 23.6% in past five years. Surprisingly, in the forecast period, its revenues will experience a nearly tripling from $323.1 million in 2013 to $931.8 million in 2018 [42] .
Despite the amount of money spent by the Chinese on English learning, the results are surprisingly poor. China ranks only 29th out of 44 non-English-speaking countries or regions, and is the second worst out of all Asian countries (only slightly ahead of Thailand) [43] .
To learn English well, a second language learner needs to build a vocabulary of at least 5000 words and preferably 10000 words [44] . Vocabulary games are a good way to promote vocabulary learning and motivate English language learners and when developing this sort of game it is important to take into account some prominent theories in the domain of vocabulary learning and teaching [44] . These include theories related to the integration of vocabulary with communication learning [45] [46] [47] , meaning and form [46] [47] [48] , and memory [49] .
It also makes sense to consider the characteristics of learners that can influence game design. Topics should be familiar and the vocabulary being presented should reflect the age, gender, and level of the learner. We also need to consider that language learning requires memorization and that memorisation requires repetition to be effective. According to the Ebbinghaus Forgetting Curve proposed in 1985, learners forget vocabulary dramatically with only 33.7% of words being retained if they are not reviewed after one day. This rate of retention decreases over time.
So review is an important aspect of vocabulary learning and it is important to have alternative methods of vocabulary learning to try and prevent learning the same words from becoming too boring or monotonous for the learner. Collaborative and competitive vocabulary learning games are a way to introduce a social aspect into learning to engage students.
Collaborative Educational Games
Broadly speaking, collaboration is when two or more people work toward the same common objective. Collaborative learning is when two or more people learn or attempt to learn something together [50] . This requires the mutual engagement of all participants and a coordinated effort to solve the problem [51] [52] [53] . Studies show that collaborative learning can help develop teamworking skills as well as associated learning objectives [32, 35, 54, 55] . Collaborative learning is found to be particularly effective when the objective is to understand more difficult concepts or generate ideas [56] .
Research indicates that collaborative educational games on both mobile and desktop devices have great potential to enhance students' learning performance and learning attitudes in multiple different subject areas [32, 35, [57] [58] [59] . For example, Fengfeng Ke et al. [35] examined the impact of how educational games helped fifth-graders' learn maths and developed their attitudes toward maths. Here, playing collaborative games was found to be better than traditional methods for learning maths and, despite individual differences among students, improved positive attitudes toward maths. In 2011, Hummel et al. [58] explored the extent by which playing serious games are able to improve student learning outcomes for applied science and found that collaborative learning approach considerably improved the quality of the learning outcomes. Sánchez et al. [59] implemented a series of Mobile Serious Games (MSGs) based learning activities on 10 Chilean 8th-grade classes from 5 different schools to foster their problem-solving and collaborative skills. The experimental results revealed that the mobile game-based collaborative learning approach significantly improved students' learning outcomes. In 2013, Sung and Hwang [32] conducted an experiment on three classes of 93 sixth graders attending natural science course in an elementary school and illustrated that collaborative educational game integrated with a knowledge sharing and organizing equipment-grid-based Mindtool using repertory grid method is beneficial to the students in enhancing their learning motivation and learning attitudes, as well as raising their self-efficacy and academic performance. This body of research demonstrates the potential of collaboration in educational videogames.
Other research explores the conditions to be set for effective group collaboration and looks at how best to support collaborative learning. Lou et al. [60] conducted a meta-analysis and found that in about 25% of research conducted collaboration did not have a significant effect on learning, and sometimes even had a negative effect. To make sure group collaboration has the desired effect, Slavin proposes a set of desirable conditions. Foremost of these is that all group members should be aware of a shared group goal that they consider significant. They also need to have the capability to make contributions to the success of the activity. Studies have also been conducted in order to find additional ways we can supporting group collaboration such as collaboration scripts, structuring the dialogue, visualization tools, managing the cognitive load, intelligent tutors and interactive dialogue agents [61] [62] [63] [64] [65] [66] .
Although collaborative learning can enhance students' academic performance and learning attitudes, according to Johnson's study in 1994 [67] , moderating factors may affects the level of enhancement through collaborative learning. For example, in a previous study, students with relatively poor academic performance enhanced more than top students from collaborative learning and collaborative educational game [68] . In 1999, Jean et al. [69] found that more boys played collaborative educational game and solved problem in groups while girls had difficulty in recognizing the embedded maths elements in the game. Three years later, Moreno [70] found that visual representations in the game significantly helped low-achievement and less computer experience students. Socio-economic status (SES) may also mediate the effects of playing educational game [71] . Therefore, prior academic performance and knowledge, prior computer experience and gender could mediate the effects of learning.
Researchers who have proposed guidelines or frameworks for designing collaborative games include Natalia Padilla Zea et al. [72] who designed a collaborative educational videogame for 3-4 year-old children and explored the utilization of videogames in the classroom. This group of authors presented a set of design guidelines incorporating the features of collaborative learning proposed by Johnson and Johnson including; Positive Interdependence, personal accountability, face-to-face promotive interaction, social skills and group processing in the designing process of videogame. They also examined the extent to which these guidelines impact the videogame architecture and the ways of which these guidelines be utilized when developing a videogame. Triantafyllakos et al. [73] proposed a framework for designing educational computer games collaboratively with involvement of students in game design sessions and conducted three studies to evaluate it. The result shows that the proposed framework is able to simplify the development and employment of effective and efficient collaborative game design activities in educational settings. Villalta et al. [74] presented guidelines for designing Classroom Multiplayer Presential Games (CMPG) on a screen projected at the front of the classroom, which are implemented through which the students interact collaboratively with the virtual world and among themselves in the shared space. Individual players control the representative characters using their own input devices in a CMPG activity.
Competitive Educational Games
Research into competitive educational games is somewhat less common than research into collaborative games. In one study Hung et al. proposed a collaborative and competitive game-based learning environment using a Wireless Crossword Fan-Tan Game (WiCFG) system to improve English proficiency [75] . This was based on groups competing against each other. An evaluation of this system found it was able to significantly enhance lower achieving students' learning achieving compared to the traditional learning method. There was no significant difference for high-achievement students. The game was also found to promote interaction between students with different English levels, and enhance their learning motivation and classroom engagement. So, when competitive games have been evaluated the overall effect has been found to be generally positive.
Game Design
The game we have developed for our study is an educational game for Chinese players to learn English vocabulary by matching English words to Chinese words. The game is a tower defence type game where players need to match English words correctly to increase their score and prevent enemies from advancing and draining their life force. The aim of the game is achieve the highest score possible before all the life force is drained. Figure 1a shows the game running in collaborative mode. In the centre of the screen are icons which represent monsters that advance toward the top of the screen to drain the players' life. The top left corner and top right corner of the screen display the name and score for each player as well as the level of difficulty and the amount of life level for the team. Below this are the pairs of English and Chinese words which each need to be matched in order to increase the score and repel the monsters to advance in the game. The players are given the score and need to work together by matching words to advance and do well in the game. At the end of the game the players are shown a high score table showing how the performance of their team compares to that of others. Figure 1b shows the game running in competitive mode. This has approximately the same rules as the collaboration mode. The primary difference with this game is that the players work independently on different sides of the screen with separate scores and separate life levels. The player who finishes the ame with the higher score or passes all levels in shortest time is deemed to have won the game. At the end of the game the name of the winning player is displayed on the screen.
Experimental Design
In order to evaluate the different modes of play ninety-six students were drawn from three classes in with thirty-four year one undergraduate students, thirty-four year three undergraduate students and twenty-eight postgraduate students.
For the experiment, subjects were divided into experiment group and control group, with the former being subdivided into collaborative group and competitive group. The collaborative group learnt some vocabulary by playing the vocabulary educational game in collaborative mode while competitive group played the same game in competitive mode. Students in control group learnt vocabulary alone using the traditional method using cards with the Chinese and English words printed on either side.
Students in the experimental group were asked to sit in front of computers with each pair using one computer either in collaborative or competitive mode to play the game. All groups of participants were required to complete an English vocabulary test before and after playing the game as well as completing a questionnaire and being interviewed.
Results
The students' pre and post-test results, and their average vocabulary improvement in each grade using each learning method are presented in Table 1 . Here it can be seen that the students' average vocabulary improved significantly with the collaborative game group, while the competitive showed a relatively small improvement. One-way ANOVA was used to see whether the interaction between groups and students' pre-test results was significant. The significant values of this kind of interaction for year 1, year 3 undergraduates and postgraduates were larger than 0.05 with 0.268, 0.972 and 0.134 respectively, which showed that groups had no statistically significant interaction with students' pre-test results. In other words, all groups were homogenous in terms of their prior vocabulary knowledge and thus got similar pre-test results. This meant that analysis-of-covariance (ANCOVA) could be conducted to further analyse the data.
Learning methods UG.Year1 UG.Year3 PG Sig.
.024 .000 .000 .000
Collaboration Vs Control group .000 .000 .048 .000
Competition Vs Control group .000 .000 .000 .000 Table 3 . Post hoc analysis on students' post-test Table 2 , it can be seen that learning methods had significant effect on students' vocabulary learning with all significant values being less than 0.05.
After this, as shown in Table 3 , a post-hoc test was conducted on students' post-test results to deeply compare the effects of learning methods on promoting students' vocabulary in pairs. From table 2 and 3, it can be observed that students learned vocabulary by the traditional method achieved significantly higher scores than those playing the collaborative vocabulary game, and that those playing the collaborative vocabulary game achieved significantly higher scores than those who played the competitive game. Table 4 shows significance values of the interaction between personality and game mode. All values here are smaller than 0.05, which indicates that personality and game mode have a significant interaction to promoting students' vocabulary, while there was no significant interaction effect between gender and game mode and between major and game mode with all significance values larger than 0.05.
To investigate this further, a simple effect test was conducted on the interaction effect between game mode and personality to investigate on each level of one independent variable (game mode), whether the effects of different levels of the other independent variable (personality) on students' vocabulary promotion were significant.
From this analysis we discovered unsurprisingly that in the collaboration mode, students who like to work in a collaborative environment got significant higher post-test results than the others with different personalities with significance values smaller than 0.05, while there were no significant vocabulary learning differences between students who like to work in a competitive and those who like to work on their own, with significance values larger than 0.05. However, in the competition game mode, it seems no significant learning differences among all three types of personality.
Post Game Questionnaire
Our post game questionnaire revealed mostly positive attitudes toward the vocabulary learning games. More than 65% respondents regarded the game as a good use of their study time and more than 70% that the game would encourage them to study more as well as help them to learn alongside other learning method. In addition to this, a large proportion of respondents, again over 70%, would be interested in using other learning games and would like to use games to learn other subjects. However, the percentage of respondents who would use this game instead of other study methods or would use the game again to learn were not too high with only about 50% to 60% answering in the affirmative.
Our post-game survey also revealed significant differences between the two modes of gameplay. On the whole, participants playing in collaboration mode had better impressions of the game than those playing in competitive mode. Only 50% respondents playing in competitive mode felt that the game helped them learn words, while this number in collaboration group was around 75%. Likewise, only 59% of participants playing in competitive mode felt that the game made them interested in learning, while 68% participants in the collaboration group agreed this statement. About 10% more of participants playing in collaborative mode felt that the game was a good use of study time. More respondents in competition group felt the game would distract them from their study than those in collaboration group with a surprisingly large gap of around 30%. So attitudes where significantly more favourable toward the game when it was played in collaborative mode.
Post game interviews
Post-game interviews revealed more about how our participants felt toward the games. First of all, Our participants advised that the basic mechanics of the game worked well, but that it could be more compelling with better use of graphics, sound and other components found in modern games such a character development and collectable items.
Our participants generally commented that this sort of game could provide a more fun, relaxing and motivating learning environment to supplement traditional learning. Here they felt that both collaborative and competitive game modes could serve to hold their attention, while human contact would also help them develop social skills.
Conclusion
We have developed a game testing how different modes of competitive and collaborative gameplay influence the effectiveness and user experience of co-located computer-supported vocabulary learning. The results of our evaluation revealed that collaborative games are broadly more effective and preferred by users although some groups of male users preferred competitive games. Competitive games where found to be less effective and neither type of game was quite as effective as traditional learning using cards. However, users expressed positive attitudes towards the games and felt that either type of game could be used in a more relaxing and social way than traditional learning. These results demonstrate the potential of co-located learning used to supplement traditional learning and help students improve their overall educational experience and acheivement in the area of vocabulary learning.
